This study tried to find what fat level of diets would have a good effect on recovery of the ultrastructure and the digestion-absorption function of jejunal absorptive cells in rats which had been subjected to starvation. Fat-free, 5% fat, 10% fat, or 20% fat diet was given for 3 days to the starved rats, and changes in the ultrastructure of the jejunal absorptive cells were observed by transmission electron microscopy. Also, glucose and triolein absorption were studied using an in situ perfusion system. Good recovery of the ultrastructure of jejunal absorptive cells was observed in rats re-fed the 5% fat diet. Glucose absorption did not differ among the groups except in rats given the 20% fat diet. However, triolein absorption in this group was lower than that of the other groups in both the upper and lower jejunum. The best fat level for recovery of the ultrastructure and absorption of glucose and triolein in the jejunal absorptive cells was concluded to be the 5% fat diet.
of the gastrointestinal tract during passage. This stimulation is useful for the proliferation of intestinal absorptive cells (3) (4) (5) (6) (7) .
In recovery from gastrointestional diseases, a diet with a low fat level is thought to be preferred. However, Simko and Kelley have reported that in starved rats , the ability to absorb fat could be recovered even with a high fat diet (8) . Also, in patients with the short-gut syndrome, the ability of fat absorption did not decrease (9, 10) . Furthermore, McIntyre et al, have presented evidence that patients with a high jejunostomy do not need a special diet (11) .
In this study, we examined the kinds of diets effective for starved-re-fed rats . We studied the relationships between the fat level in the diet and changes in the ultrastructure of jejunal absorptive cells, as well as glucose and triolein absorption. When the rats were re-fed the fat-free diet for 3days (Fig . 1C) . the mitochondrial cristae showed more repaired than those of the starved rats . Slender vacuoles were observed in the cytoplasm, and the intercellular spaces were slightly wider . In the rats re-fed the 10% fat diet (Fig. 1E ) and the 20% fat diet (Fig . 1F ) for 3 days, repair similar to that after the fat-free diet (Fig. 1C) was observed . As the amount of fat in the diet increased, the intercellular spaces became wider . Figure 1D shows an electron micrograph of absorptive cells of rats re-fed the 5% fat diet. The endoplasmic reticulum and ribosomes appeared in markedly better condition than those of jejunal absorptive cells of the starved rats . Mitochondrial forms and cristae had been repaired, but some vacuoles were still observed around the mitochondria. The intercellular spaces were similar to those of normal rats . Comparison with the other four groups that had been re-fed showed that the repair was best for the fine ultrastructure of absorptive cells of rats re-fed the 5% fat diet for 3days.
In situ perfusion system
To know the amount of water absorbed during the perfusion , we estimated the 14C-inulin absorption because inulin cannot be absorbed through the intestine . Figure 2 shows the time course of 14C-inulin radioactivity in the perfusion medium in the normal rats. Evaporation of water could be excluded because the perfusion system used was completely closed.
The amount of water absorbed during 90min of perfusion was estimated to be approximately 20% of the starting volume . Absorption of glucose and triolein was measured in the upper and lower jejunum in an in situ perfusion system . Table  2 shows the time course of 14C-D-glucose absorption . In the upper jejunum, 14C -glucose absorption was not different among the groups . In the lower jejunum until 60min after the start of the measurement, no difference was found among the values of the different groups. However after 60min , fairly different absorptions were noted. Almost no absorption was seen for rats re-fed the 20% fat diet for 3 days. This suggests glucose could not be absorbed after 60min .
The time course of 14C-triolein absorption is shown in Table 3 . The values at 30min were higher than 100%, i.e., the radioactivity at the start . This meant that only water absorption had occurred. The rats re-fed 20% fat diet for 3days showed a decrease that was significantly more than that of the other groups for both the upper and lower part of the jejunum. 
DISCUSSION
The ultrastructure of jejunal absorptive cells of rats starved for 3days had many differences compared with that of normal rats. The mitochondrial shape had atrophied at the upper and lower nuclei. The cristae had been destroyed. Many vacuoles but only a few cytoplasmic organelles were observed. The length of the microvilli was irregular, and they appeared to be thin and weak compared with the normal rats.
Injury of the absorptive cells during starvation for 3days occurred not only under the nucleus but also above it. Shoma reported more injury under the nucleus than above it during starvation for 21days (13) .
We recognized changes in the ultrastructure of the absorptive cells even after 3days of starvation. Changes in the ultrastructure of the microvilli was also observed. Thus, the function of digestion-absorption was assumed to have decreased.
We also observed the ultrastructure of absortive cells of rats that were re-fed diets of various fat levels (fat-free, 5% fat, 10% fat, 20% fat) for 3days. Repair of the ultrastructure of cytoplasmic organelles seemed to have occurred because all the diets contained 20% casein. In the rats re-fed the fat-free diet for 3days, slender vacuoles in the cytoplasm were observed and the intercellular spaces were slightly wide, suggesting that the absorptive cells had not been repaired completely. With more fat in the diet, the intercellular spaces became wider. In the rats re-fed the 20% fat diet, many vesicles were observed in the intercellular space and in the cytoplasm near the intercellular spaces. They were regarded as chylomicron. It would be interesting if the width of the intercellular space indicates progress toward recovery or the formation of a route for lipid absorption.
In this study, we found good recovery of the ultrastructure of absorptive cells in rats re-fed the 5% fat diet. We used the in situ perfusion system to study the absorption of nutrients, because this allowed observation under conditions closer to the physiological ones than other methods, for example, that using everted intestine.
Glucose and triolein absorption were measured in the upper and lower jejunum in the in situ perfusion system. Glucose absorption did not differ in each group , but was not observed to occur from a 60min observation period in the lower jejunum of rats re-fed 20% fat diet for 3days. Glucose seems to be the important and basic nutrient for active cells, because its absorption did not differ significantly in each group regardless of nutritional condition or diet composition.
Triolein could be absorbed whether or not the pancreas-bile juice affected the lower jejunum. Triolein may be resolved by membrane enzyme "lipase" in the lower jejunum. In the upper and lower jejunum of rats re-fed 20% fat diet for 3day, triolein absorption was lower than that of other groups.
Our results suggest that the 5% fat diet offered the best fat level for recovery of the ultrastructure of absorption cells and the absorption of glucose and triolein after starvation.
